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Fig. I.-Weighing out the formin. Fig. 2.-Melting the form in and carbolic acid. Fig. 3.-Filling the molds. 

Synthetic Resins 
Non -inflammable Substitutes for Celluloid and Rubber 

N EW synthetic resins have been discovered recently 
and are appearing on the market under many trade 

names. The resins are used in the production of mate
rials such as artificial amber, pipe-stems, tooth-brush 
handles, beads, transparent jewelry, buttons of all sizes, 
inlaid work, knife handles, fountain pens, etc., and 
take the place of bone, horn, ivory, celluloid, amber, 
casein (gallolith), ebony, and hard rubber. 

These artificial resins in their final conditions do not 
melt or even soften appreciably at all temperatures, and 
do not burn like rubber or celluloid. When heated in 
the air to temperatures well above 500 deg. Fahr: the 
resins char and burn slowly without a flame. They 
are quite insoluble in all ordinary solvents, 'such as 
gasoline, alcohol, ammonia, washing soda, and acids. 

Recent discoveries made in the Industrial Depart
ment of Kansas State University have produced radi
cal departures;. both in the synthetic resins themselves 
and the method of producing the same. These discov
eries have revolutionized the method of producing syn
thetic resins and indeed very great changes and differ
ences are brought about in the resins themselves. 

By the old or wet process, the resins are produced 
very simply by boiling together carbolic acid and for
maldehyde in the presence of a third substance, a con
densing agent, which serves to hasten the formation of 
th(W:esins. When formaldehyde and a condensing agent 
are used the resins are produced in the presence of 
water and the- resins must be separated from the layer 
of water, washed free of the condensing agent and 
dried. They are then further heated or molded in 
whatever way is desirable and the final hard resin is 
produced by heating, generally under pressure, at tem
peratures upward of 175 deg. Cent. 

By the new dry or llnhydrous process, phenol, i. e., 
carbolic a" id, is heated together, in a dry condition, 
with formi: l .  No water is present during the forma
tion of the resins and no condensing agent is needed, 
which at times is so troublesome and which must later 
be removed from the resin by careful washing. 

This dry reaction in one simple operation produces 
the resins, which are at first beautiful golden yellow 
colored liquids, which are entirely free from any sub
stance such as water or condensing agent which must 
be removed at considerable expense when the resins 
are produced by the old or wet process. And these dry 
liquid resins pass under suitable treatment into solid 
masses which present very closely the appearance of 
genuine amber. 

Formin, the material used to convert the phenol in 
its dry condition into the anhydrous resin, is a white 
transparent substance, of sweetish hot taste, in ap
pearance like table salt and having the odor of salt 
fish; it is known to the organic chemist under the 
formidable name of hexamethylenetetramine. 

The operator in Fig. 1 is shown weighing out the 
white salt-like formin. The weighed . materials are 
transferred into a flask shown at Fig. 2, fitted with an 
air condenser of glass, and are heated carefully. The 
carbolic acid :;md formin soon melt to a golden liquid, 
and after sufficient boiling the liquid 1s poured, while 
still quite hot, into molds, Fig. 3, of any., desired shape 
and the filled molds are transferred to' an open oven 
without pressure, where they .are Jurth�r .... heated 
the final hardening. This meth()d of fortniIi�the 
has the very great advantllge that there is no water 
or condensing agent from which the resins must be 
separated and dried. A further great advantage con
sists in being able to produce these resins rapidly with
out the use of the counter pressure which is so desirable 

or even necessary when the volatile formaldehyde is 
used. 

After the liquid resin has been heated in the molds 
for twenty-four hours, it has solidified and has set into 
the exact shape of the mold. It is then removed from 
the molds and returned to the oven for further heating. 
The resin, as it first comes from the mold, is quite 
soft and can be bent or twisted into any shape very 
easily and sets permanently in whatever shape it is 
held for the final heating. The operator, in Fig. 4, is 
shown bending between his fingers two soft plastic pipe

stems, which have just been removed from the molds. 
The soft pieces are replaced in the oven, and heated at 
a very low temperature for several days ; at the end of 
this heating a beautiful transparent yellow material is 

produced which is harder than silver, gold, or nickel, 
marble or ivory. Its tensile strength varies from 5,000 
to 6,200 pounds per square inch and even higher. It is 
very interesting and novel to one unacquainted with the 
great strength of the material to see three tons of iron 

Fig. 4.-Bending pipe bits while gelatinous. 
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Fig. 5.-Transparent rods and pipe-stems. 

Fig. G.-Polishing the resins. 

suspended from a rod of the resin one inch in diameter. 
The luster is higher than that of amber or any of the 
natural resins, and its refractive index ( 1.645 ) is great
er than that of crown glass. 

'l'he transparent goods are remarkably permanent as 
regards color. Indeed, one of the great advantages 
possessed by the dry anhydrous resins over those pro
duced by the wet process is their inertness to color 
changes caused by direct sunlight. The dry resins do 
not redden rapidly when exposed to direct sun rays. 

After the resin has received its final hardening it is 
shaped and polished on flat horizontal wheels, with fine 
emery, carborundum, or tripoli. The final polishing is 
done .with oiled buffing wheels. If the molding has been 
done with sufficient care, the grinding and polishing is 
quite unnecessary except where a perfect surface and 
a very high gloss is desired. 

These resins can be produced at a cost which can 
compete for cheapness with the natural resins, such 
.M amber, or with jet, hard rubber, etc. They may be 
dyed any color, from a pale yellow or ruby red, to a 
transparent black of great depth and brilliance. When 
made into jewelry, such as beads, their high refractive 
index gives a brilliance and transparency surpassing 
the finest amber. 

The resins are also used as binders or glues, and 
since they are insoluble and do. not melt they are of 
the greatest value as a glue for making hot-water pump 
valves, valve disks which withstand 650 deg. Fahr. in 

. dry steam, steam pipe gaskets and valves for acid 
pumps, and pump packing of all kinds. Lists of articles 
which ' may be made from these resins when properly 
combined suitable fillers are indeed legion. Light 
pulleyI'!, .uniform in weight, artificial board from 
sawdust and wood fiber, frictionless bearings for use in 

machinery . for cotton" wool, and silk industries where 
the machinery cannot be oiled or for bearings under 
water, ebonite and compoboard, switchboards, heat and 
electric insulating handles, and heat and electric insu
lating parts ' of every conceivable kind are produced at 
prices which compete readily with the less satisfactory 
,articles which have been on the market up to the pres
ent time. Very beautiful transparent and opaque 
hllnd.les-. are. being produced for chafing dishes, coffee 
percolators, - saI\l'ovars, . etc., where strength and beauty 
fu,wst be combined with good heat insulating qualities. 

Paints, varnishes, and lacquers are also produced 
resins by dissolving in suitable solvents such 
· a.cetone; and banana -oil, the resins when 

they are ,Jn the initial or soluble state. These coatings, 
after heating, are almost indestructible by fumes, acids, 
solvents, Slllts, or, chemicals which easily corrode metals. 
Brassware, ," such beds, urns, candelabra, chandeliers 
and auto lamps, when lacquered with the resin do not 
ta-rnish, as the lacquer film is impervious and in

destructible. Varnished surfaces may be left in cold 
or even boiling water without losing their luster and 
the paints, when ma.de with the proper fillers, are 
the best possible for metal surfaces exposed 
to corrosive agencies. The ordinary paints under ac
celerated electrolytic tests break down in less than 
twelve hours; coatirlgs made from synthetic resins are 
unaffected in any way in one hundred hours. 

These varnishes and . lacquers make the best possible 
impregnating liquids for electric purposes. The dry 
films have . a dielectric strength of 105,000 volts per , 

' millimetlir< aIid a resistance of 28 by 10" megohms per ' 
cubic centimeter. Paper cartons coated with the var-
nishes become impervious not only to liquid fats and 
oilf\, but also to kerosene and gasoline. 
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